INTRODUCTION
The most important parameters to evaluate honey quality are floral origins, the area of production, freshness and safety. Like any other foods, honey is prone to various types of contaminations (AlWaili et al., 2012) but it should be free of any chemical contaminants and safe for human consumption (Tisipi et al., 1999) .
Some apiaries are located in areas exposed to different kinds and level of pollution. Honey bees may forage over a distance of several kilometers from the hives and they effectively sample the environment for contaminats in plants, soil and the atmosphere (Przybylowski and Wilczynska, 2001) . Large concentrations of heavy metals were found in bee honey from hives located in industrial areas. This is why honey and other bee products are considered good materials for monitoring environmental contaminations (Omran, 2017 and Omar, 1994 ).
The present investigation has been carried out to monitor the impact of environmental pollution by heavy metals on quality of bee products.
MATERIAL AND METHODS
The present investigation was conducted in Plant Protection Department, Faculty of Agriculture, Sohag University. The experiments were carried out during season 2015 to evaluate Heavy metals concentrations in bee products collected from contaminated and non-contaminated areas under Upper Egypt region.
Heavy Metals Determination in Bee Products

Area of Study
Twenty commercial apiaries distributed in four governorates in Upper Egypt were selected (Table 1) . Every five apiaries were located in one of the following areas: a. Rural agricultural area.
b. Reclaimed soils.
c. Industrialized area.
d. Urbanized and traffic area.
The first and second groups represented non-contaminated areas and third and fourth groups represented contaminated areas.
Bee Products Sampling
For evaluating the contamination of honey, beeswax and bee bread with heavy metals, samples from each product were collected. Four hives were chosen randomly in each apiary. Single sample of fresh clover honey, stored bee bread and beeswax were taken. The material was collected in June, 2015 after clover honey flow.
Fresh honey samples (50 gm) were taken directly from the combs by squeezing. Upon collection each honey samples was placed into dark glass bottle and labeled. Beeswax samples were taken from freshly formed combs in the same season. A piece of wax (10x10 cm) was taken from empty wax comb from each hive. When samples were brought back to the laboratory all wax samples from the same apiary were combined.
Table1. Locations of tested honey bee products for determining heavy metals
Bee bread samples were collected by cutting a 6x6 cm piece of comb containing stored pollen using a disposable plastic knife and placed in polyethylene page.
All samples were transported to the laboratory and frozen at -20°C until analysis. The total number of samples collected was 25 samples for each product.
Heavy Metals Determination
The concentrations of heavy metals (Pb, Cd, Fe, Cu and Zn) were determined by an Atomic Absorption Spectrophotometer (AAnalyst, 400, Perkin Elmer, USA) according to AOAC guidelines (1995) in laboratories of Science Faculty, Sohag University.
The metals concentrations in bee products (honey, wax, bee bread) samples were quantified against standard solutions of known contents which were analyzed concurrently. The sample concentrations of heavy metals were calculated in mg/kg.
International Standards for Heavy Metals in Bee Products a. Honey Standards
There is international standards for honey in terms of cadmium, lead, copper, iron and zinc contents. According to FAO/WHO, 1996 for copper (0.1-50 mg kg 
b. Specification of Heavy Metal in Beeswax
Pursuant to the European legislation beeswax specification values were set to 5 mg kg-1 for Pb; 3 mg kg-1 for AS and 1 mg kg-1 for Hg (Directive, 2016) . The FAO/Who Expect committee on food additives also set a concentration of 2 mg kg-1 for Pb in wax and proposed a maximum residue limit (MRL) for the EU of 1 mg kg-1 (European commission (EC) 2001). The committee of the European food safety authority (EFSA). Formicki et al. (2013) recommended that the specification for Pb should be set as low as possible due to its possible toxic effects.
Statistical Analysis
Data are expressed as mean values  S.D. of five replicates and statistically analyzed by analysis of variance (ANOVA) and t-test. The statistical analysis were significant when P<0.05 (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION
Assessment of Heavy Metals Contamination in Honey Bee Products
Honey bee products obtained from twenty commercial apiaries located in contaminated and noncontaminated area in Upper Egypt region. All samples were subjected to determine the residual levels of Lead (Pb), Cadmium (Cd), Iron (Fe), Copper (Cu) and Zinc (Zn) in honey, beeswax and bee bread stored inside honey bee colonies.
Heavy Metals Content in Honey
Results of heavy metals detection in honey samples were presented as mean values  standard deviations of all the samples collected from different locations according to the source of contamination.
Lead and Cadmium Content
Lead (Pb) was found in all the tested honey samples collected from different areas. High means of Pb content (0.5488 and 0.5120 mg/kg) were estimated in honey samples collected from the contaminated area (industrialized and urbanized area), Table ( 2) . The lowest means of Pb content were estimated in honey samples collected from rural and Reclaimed soils (0.5096 and 0.5099 mg/kg), respectively. Honey samples collected from industrialized area had the highest lead content with a significance difference with all other locations. A positive deviation percentage (+ 7.14%) was recorded when the lead content of honey samples collected from industrialized area comparing with that of honey samples collected from rural area.
Also, it is important to analyses the cadmium content in honey samples in view of its toxicity for human, as well as the fact that cadmium (Cd) can be transported through the root system of plants to the nectar in flowers.
Analysis of variance indicated that highly significant differences in cadmium (Cd) content between honey samples collected from the study apiaries (Table 3) . Generally, the lowest cadmium content was estimated in honey samples collected from rural apiaries (0.0961 mg/kg). However, the highest content was recorded in honey samples collected from industrialized area (0.1012 mg/kg) followed by honey samples collected from urbanized area (0.1042 mg/kg). The mean content of Cd obtained concentrated under the standard limit (0.1 mg/kg).
Cadmium (Cd) content was positively correlated with Lead (Pb) content in honey samples collected from different locations (Fig. 11) .
It is evident that present data obtained are similar as those of honey samples tested in Turkey (Tuzen and Saylak, 2005) , in Spain (Gonzâlez Paramâs et al., 2000) , in Poland (Przybylowski and Wilczynska, 2001 ).
The amount of Pb in honey depended on the location of the apiaries, where the internal combustion engines are the main source of contamination. In urban area, the industries release some gases with containing lead as one of the contaminant contents. In the similar Pb way, the fumes released from gasoline combustion in vehicles also acts as a source of lead in environment which can be deposited in soil water and plants and later enter humans through food chain. Lead can contaminate air or nectar (Bogdanov, 2006) . Also, it was established that the concentration such elements as cadmium and lead relatively reach high value in samples coming from polluted areas in Europe (Fodor and Molnar, 1993; Pieter et al., 1993) .
According to the pollution standards, values of heavy metals recorded by the Codex Alimentarius Commission indicated that the maximum Pb value allowed in sweet nutrient such as sugar and honey should be below 0.3 µg/g. Also 0.3 µg/g is the maximum permitted limits for Cd. The reason behind this may be the use of inferior grade plastic containers for honey storage (Chandrama et al., 2014) .
Iron Content
When comparing the results of tested honey samples collected from different locations in Upper Egypt region, iron contents in honey samples collected from contaminated and non-contaminated areas were differed significantly (Table 4) . Iron contents of honey collected from rural and Reclaimed soils were 2.201 and 2.073 mg/kg, respectively. However, Iron (Fe) content values of honey samples collected from urbanized or industrialized area (Armant and Komombo districts) increased to 2.506 and 2.422 mg/kg, respectively. Special attention should be also paid to increase iron content in urbanized and industrialized areas. Also, the Fe concentration in honey depends on the flora of a particular area having a source of iron compound. The concentration values of iron ranged from 2.074 to 2.506 mg/kg in Upper Egypt honeys in the present study. These concentration were within the concentration values previously recorded by Khan et al. (2006) and Tiwari et al. (2016) . A positive deviation percentages (10.04 and 13.86%) were calculated among honey samples collected from industrialized and urbanized areas and rural area. Iron is essential element for biological systems. It can have a harmful effect when its concentration exceed in food. The excess of iron in food is correlated in principal, with degenerative disease, such as Parkinson and Alzheimer (Mann et al., 1994) .
Copper Content
Results of copper (Cu) detection was presented in Table ( >0.001 -Means within the same column followed by the same letter do not differ significantly at 5% level of probability.
Zinc Content
Similar to the other elements, zinc occurred in low concentration in honey. The lowest value was estimated in honey samples collected from apiaries located in Reclaimed soils followed by that located in rural areas. Analysis of honey samples showed a low zinc contents (range from 0.185 to 0.241 mg/kg) Table (6). The highest zinc content was determined in honey samples collected from rural area (0.241 mg/kg). Some agricultural practices as using organic fertilizations in rural areas to increase plant growth and crop yield is the main source of Zn in honey. Also, instruments used in apiaries are also responsible for Zn concentration in honey. The present finding were lower than earlier results (0.06-0.216 mg/kg) reported by Achudume and Nwafiri (2008) . Zinc is an essential element for man but the high level of dietary zinc can cause anemia and decreased copper and iron absorption (WHO, 1982) .
Honey can be a good source of major trace elements needed by human. Metals such as Fe, Cu, Zn are essential for humans. They may play an important role in a number of biochemical processes (Garrett et al., 1998) . Some of them are present at the trace level being toxic if they exceed safety levels (Przybyl̶ owski and Wilczynska, 2001). Chemical elements in honey samples throughout the world vary in term of concentrations and are also influenced by environmental pollution.
The present study shows the good quality and safety of honey produced from Upper Egypt governorates. The low metal content (Fe, Cu, Zn) of all honey samples collected from different locations (rural and industrialized areas) are probably due to the small development of industrial activities.
The low metal concentrations found of Upper Egypt honeys are lower than residual levels obtained by other authors from other countries, Turkey (Erbilir and Erdogrul, 2005) , Spain (Frias et al., 2008) and similar to that obtained in other regions of Italy (Ruschioni et al., 2013) but higher than in France (Lambert et al., 2012) .
Heavy Metal Content in Beeswax
Values of heavy metal concentrations in beeswax samples collected from contaminated and non contaminated areas in Upper Egypt region have been presented in Table ( Lead and cadmium contents were found to be significantly higher in wax collected from urbanized area (Table 19 ). Presence of cadmium in wax samples is under the maximum permitted limit, the concentration of cadmium was noticed to be lower than obtained by Chandrama et al. (2014) . In Urbanized areas, the industries release some gases containing lead as one of the content. In the similar way, the fumes released from gasoline combustion in Vehicles also acts as a source of lead in environment which can be deposited in soil, water and plants and leater enter humans through food chain. Lead can contaminate air or nectar (Bogdanov, 2006 and Bogdanov et al., 2007) .
Heavy Metal Contents in Bee Bread
Results of heavy metal contaminations in bee bread samples are presented in Table (8) as mean values  standard deviation of all analyzed bee bread samples collected from both contaminated and noncontaminated areas and illustrated. The results show that low lead concentration (1.094 mg/kg) was detected in bee bread collected from honey bee colonies located in non-contaminated areas. However, this value increased significantly to 1.338 mg/kg in samples collected from apiaries located in industrialized and urbanized areas. The recorded cadmium concentration in bee bread samples collected from honey bee colonies located in rural area was 0.146 mg/kg, while this value increased significantly to 0.182 mg/kg when honey bee colonies located in industrialized and urbanized areas. Also, iron and copper concentrations values of samples from industrialized areas increased insignificantly with the contents of rural samples.
The lowest proportion of zinc was found in rural area (1.614 mg/kg) while the highest proportion (2.58 mg/kg) was found in bee bread samples stored in honey bee colonies located in industrialized area with significant difference between the two locations.
Zinc is an essential element that occurs in the human body in larger quantities. Its concentration in human is about 1.8 g. According to the RDA (1980), allowed daily allowance for men is 15 mg and for women 12 mg.
The obtained results support the hypothesis that metal pollution contaminate pollen was more than enters honey (Formicki et al., 2013 
